Most countries regulate pharmaceutical prices, either directly or indirectly, on the assumption that competition is at best weak in this industry. This paper tests the hypothesis that regulation of manufacturer prices and retail pharmacy margins undermines price competition. We use data from seven countries for 1992 to examine price competition between generic competitors (different manufacturers of the same compound) and therapeutic substitutes (similar compounds) under different regulatory regimes. We find that price competition between generic competitors is significant in unregulated or less regulated markets (United States, United Kingdom, Canada, and Germany) but that regulation undermines generic competition in strict regulatory systems (France, Italy, and Japan). Regulation of retail pharmacy further constrains competition in France, Germany, and Italy. Regulation thus undermines the potential for significant savings on off-patent drugs, which account for a large and growing share of drug expenditures. Evidence of competition between therapeutic substitutes is less conclusive owing to data limitations. 
I. Introduction
Most countries regulate manufacturer prices for pharmaceuticals, either directly (France and Italy) or indirectly through controls on insurance reimbursement (Japan) or profits (the United Kingdom). Regulation is often justified by the assumption that price competition is weak for several reasons: patents intentionally limit competition and lead to product differentiation that may be intensified by promotion, insurance makes patients insensitive to prices, and physicians who are primary decision makers may not know product prices and/or may be imperfect agents for patients. Retail pharmacy is also subject to extensive price and entry regulation in countries that regulate manufacturer prices.
The purpose of this paper is to examine the extent of competition under 312 the journal of law and economics alternative regulatory regimes. Prior studies suggest considerable price competition in some markets. 1 However, theory and casual empirical evidence suggest that regulation may undermine competition, although regulation in principle sets a ceiling, but not a floor, on the manufacturer's price. Generic market shares of off-patent products are significantly higher in countries that permit (relatively) free pricing, such as the United States, the United Kingdom, and Germany, than in countries with strict price or reimbursement regulation, such as France, Italy, and Japan. Whether in practice regulation reinforces or undermines competition is an important empirical question that is of interest to research and policy, as different countries (for example, the United States, Japan, France, and the United Kingdom) evaluate possible changes in their regulatory systems.
Optimal competition policy and the extent of competition in practice differ over the life cycle of a new molecule. Originator products are granted patent protection to provide an opportunity to recoup research and development (R&D) expense.
2 Patents bar competition from generic imitators for the life of the patent, which corresponds to roughly the first 10-12 years of life on the market. However, patent-protected drugs may face competition from ''therapeutic substitutes''-drugs with different active ingredients but similar therapeutic effects. After patent expiration, generic imitators can enter the market with minimal R&D expense. The optimal extent of competition while on patent is one element of the broader question of optimal patent structure, which is beyond the scope of this paper. By contrast, there is a strong presumption that price competition between generic substitutes of patent-expired drugs is socially beneficial, assuming that the patent term and structure are designed to yield the socially desired return on R&D.
Generic competition on off-patent drugs offers the potential for significant savings to consumers. Off-patent drugs account for 88 percent of reim-bursable packs sold on average for European Union member states, 3 and this off-patent share is expected to grow over the next decade as patents expire on many of the current leading drugs. One suggestion that emerged in the Bangemann Round Table discussions on the European single market for pharmaceuticals is to increase competition in the off-patent sector in order to free up ''headroom'' in public budgets to pay for innovative, patentprotected products. 4 The design of regulatory systems to promote competition in the off-patent sector is an important issue for all governments concerned with obtaining maximum value from health spending.
In this study we use comprehensive data on outpatient drug sales in seven countries (Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States) to estimate the extent of competition between generic and therapeutic substitutes under different regulatory regimes. No previous study has used such comprehensive data or has simultaneously examined generic and therapeutic competition across a range of countries that differ in regulatory regime. W. Duncan Reekie 5 examines prices of successive originator entrants to specific therapeutic categories and finds some evidence of price competition in unregulated markets. Henry Grabowski and John Vernon 6 provide evidence of postpatent competition from generics in the United States after the passage of the Waxman Hatch Act in 1984 and the growth of managed care in the 1990s. Donald Alexander, Joseph Flynn, and Linda Linkins 7 estimate demand elasticities for drugs in seven countries for the period 1980-87, using aggregate market data. However, the estimated elasticity (Ϫ2.8) is implausibly large, which implies even larger product-specific elasticities, and may be biased by the limited data available.
We use product-level data on outpatient sales in our seven countries for 1992. 8 We focus on molecules that were available in all seven countries, hereafter called global molecules. We estimate the effect on product price of the number of generic producers of the same molecule and the number of substitute molecules in the same therapeutic category. We also estimate effects of first-mover advantage, both between molecules in a therapeutic category and between individual products within a molecule. Our primary focus is on product-level competition and prices, but we also report some results for molecule-level prices, defined as the volume-weighted average of prices for all products with the same active ingredient. 9 We find that generic competition has a significant negative effect on prices in regimes with free pricing (the United States) and those with free pricing subject to moderate constraints (the United Kingdom, Germany, and Canada), whereas for the countries with strict price or reimbursement regulation (France, Italy, and Japan), generic competition is ineffective and may be counterproductive. One plausible explanation is that in regulatory regimes that drive down the originator price over the life cycle, generic equivalents are often licensed co-marketers or minor ''new'' versions of old molecules introduced by manufacturers as a strategy to obtain a higher regulated price. By contrast, in countries with free pricing, generic entrants must compete on price to gain market share. For therapeutic substitutes, our results are less conclusive, possibly as a consequence of endogeneity and omitted variable bias.
The paper is structured as follows. Section II describes the demand for drugs and expected effects of regulation. Section III outlines the reducedform model of price determination. Section IV describes the data and methods. Section V reports regression analysis of product prices and tests for significant differences between countries. Section VI decomposes the mean price differentials into mean characteristics and parameter effects. Section VII concludes.
II. The Demand for Drugs: Theory
The demand for prescription drugs depends on the interaction between consumers' demand for medical care and the choices of physicians who prescribe and pharmacists who dispense drugs. Regulation and competition define the incentives and constraints on these choices, along with the consumers' health insurance coverage. For nonprescription, over-the-counter (OTC) drugs, the patient is the primary decision maker, but regulation of retail pharmacies may affect the prices and choice available. Here we summarize the pertinent features of insurance and regulatory regimes as of 1992. Econ. 159 (2000) . 10 For a more detailed description of the insurance and regulatory systems, see Danzon, Price Regulation, supra note 2.
A. Consumers and Insurance
In 1992, insurance coverage of drugs through social insurance programs was extensive in all countries in our sample except the United States, where patients paid roughly 50 percent of outpatient drug expense directly out of pocket. Although some countries' social insurance systems nominally require significant patient co-payment, as either a percentage of the price (France, Italy, and Japan) or a fixed payment per script (the United Kingdom and Germany), these nominal co-payments overstate the average marginal co-insurance rate because of exemptions for high-use groups (the elderly and welfare recipients), private supplementary insurance that covers co-payments under the public scheme (France), and stop-loss limits on outof-pocket payments (Japan). Moreover, all countries except the United States had low or zero co-payments on physician visits, which could be a significant component of the full price of obtaining prescription drugs.
There are two exceptions to this extensive insurance coverage. First, in 1989 Germany introduced a reference price system (see below), primarily for off-patent, multisource drugs, that requires patients to pay any excess of the manufacturer's price over the reimbursement or reference price. This reference price system with 100 percent marginal co-payment accounted for 40 percent of expenditures in 1992.
11 Second, in the United States, many people who were insured for physician and hospital services had no coverage for outpatient drugs and, hence, faced the full price. In addition, many of those with coverage had plans with generic substitution programs, which set a maximum allowable charge (MAC) for generically equivalent drugs and require the patient to pay any excess of the actual price over the MAC, as in Germany's reference price system. Given this extensive insurance coverage, consumer demand is expected to be price inelastic, with no significant difference across countries, with the possible exception of the United States and multisource drugs in Germany.
B. Physician Agents
A physician's prescription is required to obtain prescription drugs. If physicians are imperfect agents for patients, their prescribing choices may reflect their own direct financial or nonfinancial incentives due to insurers' reimbursement and cost control strategies, in addition to concern for the patients' health or wealth.
12 However, as of 1992, physicians in most countries 11 Verband Forschender Arzneimittelhersteller (VFA), Statistics '97: The Pharmaceutical Industry in Germany (1997) . 12 For a model of imperfect physician agency and empirical evidence on the effects of Germany's reference price system and drug budgets, see Patricia M. Danzon & Hong Liu, Reference Pricing and Physician Drug Budgets: The German Experience in Controlling Phar-in our sample were not at financial risk for costs or profit from the drugs that they prescribed and, hence, had no personal incentive to know drug prices or be price sensitive.
The main exception is Japan, where physicians dispense the drugs that they prescribe and may capture the margin (M ) between the reimbursement price (R) and the acquisition price (P). Physician demand in Japan is expected to be sensitive to the profit margin, dQ/dM Ͼ 0, where M ϭ R Ϫ P. Our data report P but not M or R. The prediction with respect to P is ambiguous, since in cross section P is likely to be positively correlated with the unobserved R due to the regulatory system (see below).
A second, more limited exception to the conclusion of no incentives for price sensitivity by physicians is the United Kingdom. Since 1990, a minority of general practitioners (fund-holding GPs) received a prescribing budget. Fund holders who underspent their drug budget could reinvest the savings in their practice, but they were not at risk for budget overruns.
13 Nonfund-holding GPs had ''indicative'' target drug budgets but with no financial penalties for overruns. Darrin Baines, Keith Tolley, and David Whynes 14 find that the main effect of fund holding was to encourage generic substitution.
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In conclusion, although differences in patient co-payments and physician incentives could in theory contribute to cross-country differences in demand elasticities, as of 1992 the co-payment and physician differences were small, with exceptions noted for the United States, the United Kingdom, and Germany, compared to differences in pharmacy and price regulation described next.
C. Pharmacy Regulation and Generic Substitution
Given the physician's choice of molecule, pharmacists are authorized in some countries to substitute between generically equivalent products to fill the prescription. In the United States by the 1990s all states had repealed maceutical Expenditures (Working paper, Univ. Pennsylvania, Wharton Sch. 1998). Alan L. Hillman et al., Financial Incentives and Drug Spending in Managed Care, 18 Health Affairs 189 (1999) , shows the interaction between patient and physician incentives in U.S. managed care.
13 Germany adopted a national spending limit for drugs with physicians at risk for overruns in 1993. In the United States, some managed care plans capitate physicians for drug costs, but this was relatively uncommon in 1992.
14 Darrin L. Baines, Keith H. Tolley, & David K. Whynes, Prescribing Budgets and Fundholding in General Practice (1997) . 15 In the United Kingdom, roughly 10 percent of (mostly rural) physicians directly dispense drugs and can profit from the reimbursement-acquisition cost margin, as in Japan, and hence are expected to be price sensitive, particularly for generics.
antisubstitution laws and authorized pharmacists to substitute generic equivalents unless the physician explicitly writes ''dispense as written.'' Managed care plans and Medicaid encourage generic substitution for offpatent drugs by paying a maximum allowable charge (MAC, or reference price) for generically equivalent products. Since the pharmacist captures the difference between the MAC and the manufacturer price (net of the wholesale margin), generic substitution programs are predicted to generate high cross-price demand elasticities for generically equivalent products.
Similarly, pharmacists in the United Kingdom may substitute a generic if the prescription is generically written (that is, the molecule is described by chemical name rather than brand name), which occurs in over 60 percent of GP prescriptions. The pharmacist retains the margin between the National Health Service (NHS) reimbursement price (the NHS Drug Tariff) and the acquisition cost of the product dispensed, as in U.S. generic substitution programs. Generic substitution programs exist in most Canadian provinces, with differences in detail across provinces. In Germany, pharmacists are permitted to substitute between generically equivalent products where the script is generically written, but this occurred in less than 5 percent of scripts. 16 German generics are typically branded and compete by promoting a brand image, in contrast to the United States, where many generics are unbranded and competition focuses primarily on price. In France, Italy, and many other European countries, generic substitution by pharmacists is not permitted.
Retail pharmacy in Germany, France, Italy, and many other countries is subject to entry and price regulations that impede competition in both retail and manufacturer-level prices. Pharmacists are paid a regulated dispensing margin based on the product price. Although the percentage margin may be digressive (the percentage varies inversely with the product price), the absolute margin usually increases with drug price, which undermines incentives to substitute cheaper products, even if authorized. Although OTC prices are not regulated, OTCs are subject to retail price maintenance in most countries, and retail margins are regulated. France, Italy, and Germany require unit pack dispensing; that is, pharmacists are not permitted to split large packs as they can in the less regulated markets of the United States, the United Kingdom, and Canada. Unit pack dispensing reduces the potential for volume discounts from manufacturers and facilitates price monitoring and, hence, is likely to obstruct chiseling on the list price. Retail price competition between pharmacies is further discouraged by restrictions on the number of pharmacies, legal requirements that each pharmacy be owned by a licensed pharmacist, restrictions on branch pharmacies, and so on.
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Differences in pharmacy regulation and generic substitution programs are predicted to generate significant cross-national differences in the price sensitivity of demand facing manufacturers of generically equivalent products. Specifically, cross-price demand elasticities between generically equivalent products are expected to be high in the United States, the United Kingdom, and Canada, where substitution is permitted and profitable for pharmacists. Conversely, regulation and barriers to price competition between pharmacists are expected to result in low cross-price elasticities between generics in France, Italy, and possibly Germany; however, in Germany this is mitigated by the incentives for patients and physicians under reference pricing (see below).
D. Price and Reimbursement Regulation
Although each country's system for regulating manufacturer prices for drugs is unique, countries can be categorized into those that regulate prices or reimbursement of individual drugs (France, Italy, and Japan), those that do not (the United States), and a mixed group (the United Kingdom, Germany, and Canada).
In the first group, France and Italy require regulatory approval of the manufacturer's launch price before a drug can be reimbursed by the social insurance scheme. Postlaunch price increases are usually disallowed, and decreases may be mandated. Japan also sets the initial reimbursement price at launch. However, manufacturers compete by cutting price below the reimbursement price to increase the profit margin offered to dispensing physicians and induce switching to their drug. Every 2 years, the government revises the reimbursement price downward based on a survey of actual manufacturer prices plus an allowed margin (15 percent in 1992). The Canadian Medicines Review Board monitors prices to assure that launch prices are ''reasonable.'' Prices for innovative products cannot exceed the median of prices in seven other countries; for noninnovative products, the benchmark is prices of established products. Postlaunch price increases are limited to the rate of inflation.
These regulatory systems have two common characteristics that are expected to affect competition. First, regulation forces down the real product price over the drug's life cycle in France, Italy, and Japan. In France and Italy, this reflects denial of inflation adjustments; in Japan, the downward spiral results from superimposing regulation on a market with competition for physician demand. 18 The lower the originator product's price when the patent expires, the lower the potential profit margin for a generic competitor pursuing a price competition strategy, and hence the less attractive is the market for competitive generic entry. Moreover, the demand facing a potential generic entrant is expected to be price inelastic, owing to regulated pharmacy margins and absence of generic substitution programs.
Second, in all four of these countries (France, Italy, Japan, and Canada) the price of established products is used as a regulatory benchmark for setting prices for new products. If the relation were a simple average, this price-setting mechanism would yield
where P 0 nϩ1jk is the launch price of the (n ϩ 1)th product in molecule j in therapeutic category k, t ijk is the number of years product ijk has been on the market, and ρ is the real rate of price change since launch, which could be negative. In fact the relationship is only approximate: some comparator products are more relevant than others; the new product may obtain a markup for improved efficacy or usefulness; and the regulated launch price may be higher if a firm makes a significant local investment, co-markets with a domestic firm, or has other influence. Nevertheless, this approach to regulation implies that if real prices of established products decline with time on the market, launch prices of successive entrants will be inversely related to the number of competitor products already on the market, ceteris paribus. This effect is expected to be less negative in Canada, which permits inflation adjustments for established products, than in France, Italy, and Japan, which do not permit inflation adjustments. The conventional wisdom is that regulatory systems in France, Italy, and Japan, by driving down prices over the life cycle, create incentives for local manufacturers to introduce a stream of minor new products in order to obtain a higher price, and that this has undermined their competitiveness in truly innovative R&D. 19 If true, this implies that a new product typically receives a somewhat higher price than established products, despite the downward pressure that results from tying prices for new products to prices for existing products. In contrast to these strictly regulated countries, the United Kingdom and Germany permit relatively free pricing. In the United Kingdom a manufacturer can set the price of a new patented product at launch, subject to a constraint on its overall rate of return on capital in the United Kingdom for all products sold to the NHS, typically 17-21 percent. Price increases require approval. After patent expiration and generic entry, the Drug Tariff defines a maximum reimbursement (reference) price for generics based on an audit of pharmacies' actual acquisition prices. Generic manufacturers compete by discounting prices, to increase the pharmacist's margin between reimbursement and acquisition price. The Drug Tariff price is periodically revised downward on the basis of actual supply prices but with a lag. For example, the April 1992 Pharmacist Discount Enquiry showed average discounts on generic medicines of 47.7 percent (of which roughly 12.5 percent is the wholesale margin). Following deep reductions in NHS prices, the April 1993 survey found average discounts of only 26 percent.
20 These discounts are not fully reflected in the IMS data; hence, our estimates for the United Kingdom may significantly overestimate actual manufacturer prices, particularly for multisource products.
In Germany, manufacturer prices were unregulated until 1989, when a reference price system was introduced. A reference price system classifies drugs into groups that are considered close substitutes and sets a single reference price for each group as the maximum reimbursement for all drugs in the group. Phase 1 applied to generically equivalent products in multisource molecules; phases 2 and 3 included therapeutically similar molecules. Manufacturer prices remain unregulated; however, since the patient must pay any excess of the manufacturer's price over the reference price, demand is expected to be highly elastic above the reference price. Moreover, German physicians are required to explain to the patient why they need a drug priced above the reference price. Prescribing a relatively high-priced product may thus entail an unreimbursed time cost for German physicians, which is expected to make physicians price sensitive in their choices between generically equivalent drugs.
21 For non-reference-priced products, prices remained unregulated as of 1992. 20 United Kingdom Department of Health, Pharmacist Discount Enquiry, April 1992 and April 1993. The pharmacists' reimbursement is the NHS Drug Tariff net of a ''clawback'' (roughly 7 percent) that is intended to reflect the average discount on generic and parallel imported products. 21 Brand product prices generally drop to the reference price; see REMIT Consultants, Cost Containment in the European Pharmaceutical Market: New Approaches (1991). Danzon & Liu, supra note 12, finds that German reference pricing reduced the weighted average molecule price and accelerated the rate of price decline.
In the United States, manufacturer prices are unregulated. Since the mid1980s, managed care has changed the nature of competition. Health maintenance organizations (HMOs) and other pharmacy benefit managers (PBMs) create formularies of ''preferred'' drugs that physicians and patients are encouraged to use. The ability to shift demand toward one or two preferred products within a group of therapeutic substitutes has increased demand elasticity in the managed care sector, which has enabled PBMs to negotiate discounts from list prices for branded products. Since 1990 Medicaid and other public purchasers require discounts off list prices equal to 15 percent or the ''best price'' given to any private purchaser. 22 Because these managed care and Medicaid discounts are confidential and rebated directly to the purchaser, they cannot be calculated from the IMS data used here. Our U.S. price data are therefore upward biased for net-of-discount transactions prices, and our estimates of price elasticities may be downward biased in absolute value, particularly for therapeutic competition since deep discounting tends to be concentrated in crowded therapeutic categories.
III. A Model of Drug Pricing
A manufacturer's optimal strategy in pricing pharmaceuticals in theory considers intertemporal and cross-country demand dependence. Since we have only a single cross section of price data, we ignore life-cycle and cross-country pricing concerns and assume a single-period, single-location model. In the absence of regulation, markets are assumed to be imperfectly competitive, because of product differentiation between therapeutic substitutes and because of weak incentives for patients and/or physicians to be informed or sensitive to prices owing to insurance, with the exceptions for generic substitutes noted above. Since price regulation sets a ceiling but not a floor, we apply the same model to all countries. Different regulatory regimes then imply hypotheses about differences in parameter values to be tested empirically.
The demand for product i is assumed to depend on a vector of quality attributes, Z i , and on the prices charged by competitors. Not all competitors are equally close substitutes. Generic substitutes, which include licensed, co-marketed products as well as postpatent imitators, have the same active ingredient and are very close substitutes. Therapeutic substitutes are chemi-22 Between first-quarter 1991 and 1993, the median best-price discount declined from 24 percent to 14 percent for HMOs, from 28 percent to 15 percent for group purchasing organizations; see U.S. General Accounting Office (GAO), Medicaid: Changes in Best Price for Outpatient Drugs Purchased by HMOs and Hospitals (GAO/HEHS-94-194FS 1994) . Unweighted average best-price discounts declined from 42 percent in first-quarter 1991 to 33.4 percent in fourth-quarter 1992; see U.S. Congressional Budget Office, How the Medicaid Rebate on Prescription Drugs Affects Pricing in the Pharmaceutical Industry (1996) . cally distinct compounds that have similar therapeutic effects for at least some patients. In the short run, the number and characteristics of products in the market are taken as given.
The inverse demand for product i in molecule j in therapeutic category k is
where P ijk is the price per unit of product i, Q ijk is the number of units, Z ijk is a vector of quality attributes, P xj is the mean price of generic competitors, P xk is the mean price of therapeutic competitors, N j is the number of generic competitors in molecule j, M k is the number of molecules in therapeutic category k, and N k is the mean number of competitors per molecule for the M Ϫ 1 other molecules in category k, excluding molecule j.
Each firm is assumed to follow a Bertrand strategy in setting the price for its product, taking the prices of competing products as given. Equilibrium prices are predicted to be inversely related to the number of generic competitors, the number of therapeutic substitute molecules, and the number of products per therapeutic substitute molecule:
23 If the cross-price demand elasticity is more negative between generic competitors (same molecule) than between therapeutic substitutes (different molecules), then price elasticity is predicted to be greater with respect to the number of generic competitors than for therapeutic substitutes:
The negative effect of therapeutic substitutes is expected to be greater, the greater the number of products per molecule. This model implies a reduced-form estimating equation of the form
This model has three potentially significant limitations, due to lack of data. First, as noted earlier, the U.S. data do not reflect discounts to managed care and Medicaid, and the U.K. data do not reflect all discounts to pharmacists on generics. Second, we lack data on manufacturers' promotional investments that may influence market demand, including promotion to physicians and, for some drugs, direct-to-consumer advertising. Promotional investments are expected to be greater for on-patent products, where any demand expansion accrues primarily to the firm that undertakes the investment, than for off-patent products, where any increased demand for the 23 The same predicted relation between price and number of competitors would also follow from a Cournot strategy. molecule may be largely captured by other generic competitors. 24 However, even for on-patent drugs, one firm's promotion may increase awareness of the product class, with demand-increasing spillover effects to other drugs in the same class. In that case, demand is positively correlated with the number of molecules in the class due to unobserved promotion, which may bias upward our estimates of dP ijk /dM k . This demand-shifting effect of promotion is expected to be associated with both higher price and volume in unregulated markets, whereas in price-regulated markets, promotion is more likely to affect volume. 25 We return to this below. Third, although a full, multiperiod model would treat entry and number of competitors as endogenously related to expected profits, with our singleyear, cross-sectional data we are forced to treat the number of competitors as exogenous. This could result in upward-biased estimates for dP ijk /dN j and dP ijk /dM k . The decision to develop therapeutic substitutes (M k ) depends on price expectations in years t through t Ϫ 12 or earlier for older molecules.
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Thus, if prior price expectations are positively correlated with current prices, the number of therapeutic substitutes may be positively related to actual prices, leading to upward-biased estimates of dP ijk /dM k . Similarly, generic entry decisions are presumably based on expected profits. If expectations are unbiased on average, then current prices may be positively correlated with prior expected profits, in which case our estimates of dP ijk /dN j may be upward biased.
IV. Data, Variable Definitions, and Methods

A. Sample
The data used here are from IMS data on all drug sales through retail pharmacies between October 1, 1991, and September 30, 1992 . Prices are at the manufacturer level. As noted, the U.S. price data may be upward biased because of the omission of discounts paid directly to managed care or Medicaid; these IMS data also exclude sales through mail order, supermarkets, and HMOs. The U.K. prices may similarly be biased because of the omission of discounts to pharmacists. Except where noted, we restrict the sample to single-molecule ''global'' products, that is, products that contain a single active ingredient (molecule) and are available in all seven countries. 27 A given molecule may have multiple products (defined by molecule, manufacturer, and IMS product name)-for example, originator brand, licensees, parallel imports, and generics-and each product may have multiple packs, defined by strength, presentation forms, and pack sizes. Although the sample of molecules is uniform across countries, the number of products per molecule, manufacturers, and packs differ across countries. The unit of analysis here is the product, aggregated over packs for each product.
28 After deleting observations with missing data, there are 171 global molecules with a total of 5,690 products in the sample.
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B. Variable Definitions
Price. For each pack, IMS reports the price per ''standard unit,'' which is a rough proxy for a dose, defined as one tablet, one capsule, 10 milliliters of a liquid, and so on. We define the average price per standard unit for each product as the volume-weighted average over all forms and packs in the product. The price distribution is approximately lognormal. For the regression analysis we therefore use the log transform of price and of all explanatory variables where proportional effects are expected. Foreign currency values are converted to U.S. dollars using 1992 exchange rates.
Quality. We control for several ''quality'' characteristics that may affect the product's efficacy or convenience and, hence, its price. Molecule Age, measured as (log) months from September 1992 (the last observation month) to the launch date of the first product in the molecule, is an inverse indicator of therapeutic effectiveness, assuming that more recent compounds are generally more effective. Molecule Age is the same for all products in a molecule but is country specific. Molecule Age may also reflect life-cycle pricing strategies in unregulated markets and age-related regulatory or cohort effects. The individual product's launch date relative to the molecule age is also included to measure competitive (dis)advantage relative to the originator product (see below).
Strength is the mean grams of active ingredient per standard unit, averaged over all packs within the product. The expected sign is positive, if the within-molecule strength effect (expected therapeutic effect per unit should increase with grams of active ingredient) dominates the between-molecule effect (the most potent molecules may have weak strength per pill but command high prices). The number of different formulations (Form Codes) of the product is included as a measure of the choice and convenience available to patients. The coefficient is expected to be positive, assuming that manufacturers launch new forms only where the expected increase in price is sufficient to cover the fixed costs of developing a new form. We also include a vector of 13 binary indicators of anatomical therapeutic category (ATC)-for example, cardiovascular drugs (the omitted category), dermatologics, and so on-which denote the product's primary medical indication and also control for differences in insurance coverage that is greater for ''medically necessary'' drugs than for ''comfort'' drugs in some countries.
Competition. Our measures of competition distinguish between generic and therapeutic substitutes. Generic Competitors is the number of generically equivalent products in the molecule, including originator, licensed, and parallel import products, as well as postpatent generic imitators. 30 The data unfortunately do not distinguish between these categories of generically equivalent products.
The expected effect of generic imitators on price is negative in markets where manufacturer prices are unregulated and, in particular, where retail pharmacy is unregulated and generic substitution is permitted (the United States, the United Kingdom, and Canada); a negative effect is also expected in Germany owing to reference pricing. Price competition is expected to be less intense or nonexistent between originator and licensee generic equivalents. An originator firm may voluntarily license a local firm to co-market or co-promote a product in markets where the originator firm lacks a strong reputation or sales force. Firms that co-market or co-promote have aligned incentives to avoid price competition and, in regulated markets, usually receive the same regulated price. Moreover, in regulated markets multinational originator firms sometimes allegedly grant a license to a local firm in return for a higher regulated price. Such ''involuntary'' licensure associated with a higher price is an additional factor leading to a less negative predicted effect of Generic Competitors on price in regulated markets than unregulated markets. 30 The results are invariant to measuring generic competitors as the number of products or number of manufacturers, because most manufacturers produce only one product per molecule. Parallel imports occur when wholesalers trans-ship the originator product from a lowprice country to a higher price country in the European Union. See Danzon, Price Discrimination, supra note 2. Therapeutic Substitute Molecules is the number of molecules in the three-digit therapeutic category (ATC), including both global and nonglobal molecules. This ATC measure of therapeutic substitutes is the best available but is subject to measurement error to the extent that substitutability differs between molecules in a therapeutic category and drugs in other categories may also be substitutes. To test the hypothesis that the cross-price elasticity between molecules increases as the number of producers per molecule increases, we also include the mean number of Products per Therapeutic Substitute Molecule.
Several previous studies have found evidence of a first-mover advantage in pharmaceuticals and in other industries. We distinguish within-molecule and between-molecule effects. Generic Entry Lag is the (log) number of months between the product's own launch date and the launch date of the first product in the molecule (plus one). This ranges from one for the originator product to large positive values for late entrants. 31 The expected sign is negative, under the hypothesis that the originator product has a firstmover advantage relative to later generic producers of the same molecule, which offer little or no therapeutic advantage. Therapeutic Substitute Molecule Entry Lag is (log) months from the launch of this molecule to the launch of the first molecule in the therapeutic category. The sign could be negative or positive, depending on whether first-mover advantage of the pioneer molecule in a class dominates or is dominated by superior efficacy of later molecules.
Pack Size (average number of units per pack) is an additional indicator of competition. Price is expected to be inversely related to pack size in countries with competitive retail pharmacy (the United States, the United Kingdom, and Canada), where manufacturers, particularly generics, compete by offering volume discounts to pharmacists on large packs. In countries that require unit dispensing (France, Germany, and Italy), the range of pack sizes is expected to be smaller and the price-pack-size relationship is expected to be less negative. Table 1 reports product-level means for all variables, by country, and t-tests for significant difference between each country's mean and the U.S. mean. Since the unit of observation in Table 1 is the product, each molecule 31 We lack data on patent expiry dates, so we cannot measure time since patent expiry as used in previous studies.
V. Empirical Results
A. Differences in Means
implicitly receives a weight equal to the number of products in the molecule. Table 2 reports molecule-level means, where each molecule receives a weight of one and the value for each molecule is a weighted average over products in that molecule. The molecule means may be more intuitively meaningful for variables that do not vary across products in the molecule.
The mean price per product does not differ significantly across countries (Table 1) , as a result of the large number of generics in the U.S. sample, whereas the mean price per molecule is significantly lower in France, Italy, and the United Kingdom than in the United States (Table 2) , consistent with the estimates of weighted price indexes per molecule, which show substantial differences between countries.
32 Mean Molecule Age (Table 2 ) is higher in all countries than in the United States, with significant difference in Germany, France, Italy, and the United Kingdom. This is consistent with other evidence that the 1962 Amendments to the U.S. Food, Drug and Cosmetics Act delayed the launch of new molecules in the United States relative to other countries. 33 The high mean age for all countries (20 years or more) reflects partly the influence of a few very old molecules and partly the fact that global diffusion takes time; hence a sample of global molecules cannot include the newest molecules.
The mean number of Generic Competitors per molecule, including licensees and generic imitators, is significantly higher in the United States than in all other countries (see Table 2 ): 11.1 in the United States, compared to 6.6 in Germany, 4.5 in Japan, 3.3 in Canada, 3.0 in Italy, 2.4 in France, and 2.3 in the United Kingdom. These relatively large numbers reflect both the high mean age of the sample and the fact that global molecules tend to be the most valuable and hence attract the most products per molecule. Consistent with this, the mean number of Products per Therapeutic Substitute Molecule, which includes products in nonglobal molecules as well as other global molecules in the therapeutic category, is consistently lower than the mean Generic Competitors for the global molecules. However, the pattern across countries is the same, with the United States having more than twice as many Products Econ. 402 (1994) , estimates that the average time from a drug's first worldwide patent application to its approval by the U.S. Food and Drug Administration rose from 3.5 years in the 1950s to almost 6 years in the 1960s and 14 years in the mid-1980s. William M. Wardell & Louis Lasagna, Regulation and Drug Development (1975) , reports that the United States lagged behind every major European country in new drug introductions. For molecules launched since 1980 (Molecule Age less than or equal to 12, present in five of the seven countries) we find no evidence of U.S. regulatory lag. This same pattern occurs in the sample of molecules launched since 1980.
As expected, mean Pack Size is significantly lower in Germany, France, and Italy, which require unit pack dispensing, than in the United States, Canada, the United Kingdom, and Japan, where pharmacists and/or dispensing physicians are permitted to purchase in bulk and dispense smaller volumes to individual patients. The low Strength per unit in Japan is in part a response to the high drug consumption per capita 36 and common practice of polypharmacy (prescribing several different drugs simultaneously), which may partly reflect the incentives of dispensing physicians to prescribe a high volume of drugs.
B. Regression Analysis
Rather than estimate separate regressions for each country, we pool the data for all seven countries and estimate a fully interacted model as follows:
34 For post-1980 molecules, the United States has more Therapeutic Substitute Molecules per ATC than other countries, suggesting that these patterns are changing. 35 In the United States, the 1984 Waxman Hatch Act gave patent holders up to 5 years of patent extension but also accelerated generic manufacturers' access to the data needed for prompt postpatent entry. The European Union adopted patent extension later and granted the originator firm data exclusivity for 6-10 years, compared with 5 years in the United States. See European Commission, supra note 3. 36 
and so on. In this form, δ s measures the country-specific differential between parameter effects for country s and for the United States. The United States is used as the base country because it is the least regulated market for both manufacturer prices and pharmacy margins and prices. This fully interacted model yields the same coefficient estimates as are obtained from separate, country-specific regressions. However, it does give slightly different test statistics since in this pooled form the estimate of the residual variance σ 2 u is based on the sum of squared residuals over all countries instead of the country-specific residuals. The advantage of this specification is that t-statistics for country interactions test for parameter differences between each country and the United States. Table 3 reports results with the fully interacted model, which allows all parameters to differ across countries. Several of the coefficients are not significant at conventional levels, which suggests that the fully interacted model is too general and not efficient. In Table 4 we therefore report results for a constrained model that suppresses the interaction and imposes parameter equality between the United States and the other country, if the t-statistic in the fully interacted model was less than unity. The constraints improve efficiency of the estimates. A test of the joint hypothesis, that all constrained parameters are zero, cannot be rejected, which suggests that any bias from imposing the constraints is small. 37 The discussion here focuses on the constrained estimates. Table 5 reports fully interacted regressions for molecule-level prices, for molecules available in at least five of the seven countries. Price is increasing in Strength, which is as expected if therapeutic value increases with strength. Price is independent of the number of presentation forms in the United States and Canada. For other countries, the elasticity is significantly positive, consistent with the hypothesis that introducing line extensions is a method of obtaining a price increase in countries that do not permit price increases for established products. The price elasticity with respect to the number of forms is largest in Japan, which has the most negative decline in price over the product life cycle 38 and hence strong incentives to introduce ''new'' forms to get a higher price.
Molecule Age is not significantly related to product price in the United States for this product-level sample, but this reflects the predominance of generics. Competitive generic prices are expected to approximate the marginal cost of production, which may be unrelated to the therapeutic value of the molecule. Molecule level prices are negatively related to Molecule Age (see Table 5 ), consistent with the hypothesis that molecule age is an inverse indicator of relative quality. For all other countries the Molecule Age interactions are significantly negative, as expected given regulatory restrictions on postlaunch price increases and weaker generic competition. The Molecule Age elasticity is most negative (Ϫ.66 or greater) for France, Italy, and Japan, which have the strictest price regulation. Note that the full price-age effect for any product is the combined effect of its Molecule Age and its Generic Entry Lag relative to the first product in that molecule. Since the Generic Entry Lag coefficient is significantly more negative for the United States than for other countries, the combined price-age effect for any product differs less between countries than appears from the Molecule Age coefficients alone. However, this decomposition suggests that the price decline with age is more attributable to competition in the United States and more to regulation in other countries.
For the United States, eight of the 12 ATC category dummies are significant at conventional levels relative to cardiovasculars, implying significant differences in average prices for different indications. The significant country-ATC interaction terms imply that therapeutic category effects differ across countries, owing to such factors as category-specific differences in medical norms, insurance, regulation, and OTC share.
Competition
Pack Size. The elasticity of unit price with respect to pack size for the United States is Ϫ.95, with positive interactions for all other countries that 38 Danzon & Kim, supra note 32. imply elasticities at least one-third lower (except Canada). This implies more significant volume discounts to pharmacists for bulk purchasing in the United States than in other countries, which is consistent with more pricesensitive pharmacy purchasers in the United States. 39 In Germany, France, and Italy the weak volume discounts are consistent with expectations given unit pack dispensing requirements and other impediments to price competition in retail pharmacy, which make the derived demand facing manufacturers less elastic, undermining incentives to give volume discounts. 40 These findings suggest that unit pack dispensing requirements lead to significant forgone pack-size economies, in addition to other possible costs of these regulatory restrictions on pack splitting, such as costs of providing a greater number of different pack sizes and possibly more waste if the available packs are larger than required for the individual prescription. The unexpectedly large positive pack-size interaction for the United Kingdom may be biased because of the omission of discounts to pharmacists, which are likely to be largest on large packs.
Generic Competitors. The price elasticity with respect to the number of generic competitors in the United States is Ϫ.50. Positive interactions for other countries imply that generic competition has a weaker effect on price in all other countries. The difference is smallest and only marginally significant in Germany and the United Kingdom, both of which have reference price systems for multisource drugs that encourage price competition, followed by Canada, which also promotes generic competition. By contrast, the net association between generic competitors and price is positive (ϩ.06) in Italy and negligibly small in Japan (Ϫ.06) and France (Ϫ.15). In France and Italy, the absence of price competition plausibly reflects the lack of incentive for price sensitivity on the part of patients, physicians, or pharmacists. 41 For Japan, physicians' sensitivity is with respect to the dispensing margin, which may be negatively correlated with the observed price P t , owing 39 Note that mean Pack Size is larger in Canada and Japan, although their price-pack-size discounts are smaller than in the United States. Thus the greater U.S. pack-size price discounts cannot be attributed to larger average pack size in the United States. 40 In regressions for younger molecules (under 15 years old, not reported here), the packsize elasticity for the United States is Ϫ.35 compared to Ϫ.95 for the full sample. The more negative pack-size elasticity in the full regression sample dominated by generics suggests larger discounts by generics, consistent with relatively elastic pharmacists' demand for offpatent drugs, for which pharmacists select the product to dispense. For the other countries, the pack-size elasticities are similar for both samples, indicating a smaller difference between generics and branded drugs. to the link between reimbursement in period t and price in period t Ϫ 2, which is plausibly correlated with P t . This evidence is also consistent with the expectation that multisource products in France, Italy, and Japan are disproportionately either licensed co-marketers with little incentive to compete on price or new forms of old molecules that are introduced to obtain a higher regulated price when prices of older forms have dropped. Some of these new versions of old molecules may offer real quality improvements, such as a delayed release form. However, such quality improvements occur in all countries. The difference is that in countries that promote price competition, the price-increasing effect of new formulations is dominated by the price-decreasing effect of competitive generics, whereas the reverse is true in the highly regulated markets of France, Italy, and Japan.
As further evidence on this, the negative elasticity of price with respect to Generic Entry Lag (Ϫ.10) implies a first-mover advantage for originator products in the United States, with successive generic entrants receiving lower prices. The positive interactions for Canada and Germany are sufficiently large to imply no price differentials based on time of entry. For France, Italy, and Japan the later entrants appear to receive positive price premiums, which is consistent with expected regulatory effects in these countries. For the United Kingdom, the positive entry lag premium may reflect relatively large measurement error for late entrants, due to omitted discounts; 42 the role of parallel imports, which are less price competitive and enter earlier than true generics (mean Generic Entry Lag is 100 months in the United Kingdom versus 208 months in the United States); and the relatively small number of generic entrants in the United Kingdom (mean number of Generic Competitors per molecule is 2.3 in the United Kingdom versus 6.6 in Germany and 11.1 in the United States). 43 The effects of generic competition carry over to molecule-level prices (Table 5 ). The molecule price elasticity with respect to the number of generic competitors is Ϫ.49 in the United States, with no significant difference in Canada and a small positive interaction for Germany. For France, Italy, and Japan the molecule price elasticities with respect to the number of generic competitors are positive (.04, .20, and .13, respectively), consis-42 The U.K. Drug Tariff for molecules with multiple generics is based on the prices of the largest wholesalers. If late entrants give the largest discounts, the upward bias in the IMS data would be positively correlated with Generic Entry Lag. This remains an untested hypothesis. 43 Originator products in the United States tend to raise price after patent expiration, pursuing a market segmentation strategy. See Richard G. Frank & David S. Salkever, Pricing, Patent Loss and the Market for Pharmaceuticals, 59 S. Econ. J. 165 (1992); Grabowski & Vernon, supra note 1. However, this tendency is unlikely to explain the more negative Generic Entry Lag coefficient in the United States because originator brands are only a small fraction of the U.S. sample. tent with the product-level evidence of lack of generic competition. The U.K. elasticity is negative (Ϫ.15) but significantly smaller than that of the United States, Canada, and Germany. As noted, this U.K. estimate may be biased because of omitted discounts on generics.
Our estimates may underestimate the negative effect of Generic Competitors on price due to reverse causation, if the number of generic entrants is positively related to price expectations, which are positively correlated with observed prices. This potential bias exists in all countries and hence cannot explain cross-country differences. Indeed, if regulation of originator prices undermines incentives for postpatent generic entry, the positive endogeneity bias in our coefficient estimates is greatest for unregulated countries. In other words, our estimates may understate the true extent to which regulation undermines price competition between generically equivalent drugs.
Therapeutic Substitutes. Price competition is weaker between Therapeutic Substitute Molecules than between Generic Competitor Products, as expected. In Tables 3 and 4 , price is positively related to the number of Therapeutic Substitute Molecules with an ''elasticity'' of .13 for the United States, Germany, France, and the United Kingdom; a positive interaction for Canada; and a significant negative interaction for Japan and Italy. However, the price elasticity with respect to Products per Substitute Molecule is significantly negative (Ϫ.22) for the United States, with a significant negative interaction for Japan (net effect Ϫ.46), but a net positive effect in Italy (.33). Thus, in this sample of global compounds, generic competition appears to be the dominant competitive factor, enhancing between-molecule competition by therapeutic substitute molecules as well as within-molecule competition by generic competitors (except in Italy). However, the magnitude of effects is sensitive to specification, as shown in Table 6 . If therapeutic substitutes are defined simply as Total Products in all other molecules in the therapeutic category, without distinction between the number of molecules and products per molecule, then the coefficient is negative (Ϫ.07) for the United States, with significant positive interactions for Canada and Italy, and a significant negative interaction only for Japan. If Therapeutic Substitute Molecules is included alone, its effect is positive and similar to the specification that includes Products per Substitute Molecule. Adding an interaction between Therapeutic Substitute Molecules and Products per Substitute Molecule results in offsetting signs but does not add overall explanatory power.
Although the number of Therapeutic Substitute Molecules does not appear to exert competitive pressure on price, the fact that successive entrants receive lower prices implies a more limited form of competition. The price elasticity with respect to Therapeutic Substitute Molecule Entry Lag is negative for the United States (Ϫ.027), with no significant difference across countries except for a small positive interaction (.079) for the United Kingdom. This evidence implies a much smaller first-mover advantage between molecules than within molecules, as expected if successive molecules in a class can offer real improvement over the first entrant, whereas generic imitators offer little or no improvement over the originator product. The apparent lack of competitive effect of the number of Therapeutic Substitute Molecules is contrary to other evidence and may reflect limitations of our data, in particular, the relatively old sample, endogeneity bias, omitted variable bias, and/or measurement error. 44 To shed some light on these alternatives, we reestimated the model with different samples and different specifications. We reestimated the model limiting the sample to molecules launched since 1980 and present in at least five of the seven countries (the G5 age Յ 12 sample). In this younger cohort with fewer generics, the estimates should reflect between-molecule effects more than withinmolecule effects. For the United States, the coefficient of Therapeutic Substitutes is larger (.314) for this young cohort than for the all-ages, global molecules. Country interactions are significantly negative for all other countries except Canada. A plausible explanation of these findings is that endogeneity and omitted promotional spending are more important for recent molecules than for older molecules, and the demand-expanding effect of promotion can affect price and volume in the United States, whereas only volume can be affected in price-regulated regimes.
Endogeneity may bias upward our estimates of competition between therapeutic substitutes, if entry of substitute molecules is positively related to expected prices, which are positively correlated with current prices. As a rough control for size of the therapeutic category, we included a dummy variable for single-molecule therapeutic categories. For the full sample the expected coefficient is negative, assuming that categories that remain exclusive are very small; for the young cohort (G5 age Յ 12) the expected coefficient could be positive if market power is greater in single-molecule categories. In all age samples, the coefficient of the single-molecule dummy was negative, suggesting that the number of therapeutic substitutes is related to market size and profitability. The coefficient of Therapeutic Substitute Molecules remained positive.
We also estimated the basic model using the molecule as the unit of observation (Table 5) , with the sample expanded to include molecules in five 44 Boston Consulting Group, The Changing Environment of US Pharmaceuticals (1993) , reports that later entrants to a therapeutic category entered at an average 14 percent discount in list price relative to the market leader, and the mean discount in more crowded therapeutic categories was over 30 percent. See Ellison, supra note 1, which shows fairly high crossprice elasticities between generic substitutes and smaller but sometimes significant elasticities between therapeutic substitutes in its study of cephalosporins in 1985-91. countries, in an attempt to obtain better evidence of between-molecule competition. Conclusions for generic competition carry through from the product to the molecule level, as noted earlier. However, Therapeutic Substitute Molecules has no significant effect on molecule price in the United States and Canada and is negative but not highly significant for the other countries in the fully interacted model.
Omitted variable bias due to unobserved, promotional investment by originator products may contribute positive bias in our estimates of price elasticity with respect to the number of molecules. Promotion in the United States is undertaken primarily by originator products while on patent.
45 If promotion expands the total market, rather than simply eroding competitors' sales, this promotion-induced market expansion is expected to be positively correlated with the number of molecules in a class but negatively or uncorrelated with products per molecule, owing to potential spillover of benefits to competitors. This hypothesis of omitted variable bias remains untested because we lack data on promotion. Similarly, our U.S. data are inadequate to measure competition in the form of discounts to managed care purchasers, which is a major channel for therapeutic competition. Moreover, these 1992 data would almost certainly understate therapeutic competition in the late 1990s, as therapeutic categories have become more crowded, managed care has spread in the United States, and the United Kingdom and Germany have adopted incentive programs to induce more price-sensitive prescribing by physicians.
In summary, there is evidence of competition between therapeutic substitutes in the form of lower prices for successive entrants. Controlling for this, the number of molecules in a class does not appear to add a net competitive effect, but these estimates may be biased, because these data are inadequate to control for endogeneity of the number of molecules, for demand-shifting promotional investment, and for competitive discounts in the United States and possibly the United Kingdom. Although the number of Therapeutic Substitute Molecules appears to have a more negative effect on price in the regulated markets of Italy and Japan, this is more likely to reflect regulation rather than competition, in particular, regulation of new product prices based on prices of established products that have declined in real terms. These countries show no evidence of generic competition, although generics are much closer substitutes; indeed, the net competitive effects of both Generic Competitors and Therapeutic Substitute Molecules are not significantly different from zero in these two countries. These regulatory systems thus appear to provide indistinguishable price incentives for investment in innovative and imitative R&D. These findings are consistent 
VI. Accounting for Mean Price Differentials
This section reports our attempt to explain the mean foreign/U.S. (log) price difference in terms of differences in country-specific characteristics and differences in parameter effects, using the regression results reported in Table 4 . The (log) mean price difference for country s relative to the United States can be written as
Comparing equations (2) and (3), we have β ϭ β 0 ,
Equation (3) can be rewritten as
The mean price ratio can thus be decomposed into two components. The first component is the effect of country-specific characteristics or the main effect, (ln X s Ϫ ln X 0 )β 0 , which reflects the difference in mean characteristics of products in country s relative to the United States, evaluated at U.S. parameter values. The second component, ln X s β s , is the interaction or parameter effect, which reflects the difference in impact of characteristics on prices in country s compared to the United States. Since the regressions include country intercepts, the estimates are forced through the geometric mean of prices for each country. The coefficient of the country intercept estimates (with opposite sign) the mean unexplained country residual effect that is not explained by differences in measured characteristics or their parameter effects. It also subsumes country effects for the cardiovascular category, which is the omitted category. The results of this decomposition are reported for each country separately in Table 7 .
The main factor that contributes to lower prices in other countries relative to the United States is lower returns to Molecule Age, which is the expected effect of most regulatory systems. The Molecule Age interaction effects are the most negative in countries with stringent price regulation (Ϫ3.6 for Italy, Ϫ4.2 for France, and Ϫ4.4 for Japan), implying predicted effects that are several times greater than the total mean price differential. 47 These negative Molecule Age effects are partly offset by positive Generic Entry Lag effects, but the overall age effect is still negative under regulation.
The main offsetting factor that increases prices in regulated countries rel- ative to the United States is less generic price competition, with fewer generics, less price competition between generics, and less negative returns to late generic entrants. These three components-fewer generics, less generic price competition, and less competitive late entrants-are consistent with incentives in regulated environments: low regulated prices for originator products by patent expiration discourage generic entry, the incentives for price-competitive generic strategies are less owing to price-insensitive purchasers, and the incentives for price-increasing generic strategies are greater. The measured effect of generic competition most similar to the United States is that for Germany, where reference pricing combined with free originator pricing encourage generic entry and competition. The U.K. price competitive effect per generic is similar and may be underestimated owing to omitted discounts in our data. However, the total generic effect appears weaker in the United Kingdom than in the United States or Germany, because the number of generics per molecule is much lower. The second effect of the competitive pharmacy environment that reduces prices in the United States and Canada, relative to other countries, is larger mean pack size and greater volume discounts for large pack sizes. In Germany, France, and Italy, which have the most heavily regulated retail pharmacy, including unit pack dispensing requirements, the positive pack-size effect offsets more than half of the negative Molecule Age effect (in absolute value). For therapeutic substitution, the effects of the number of Therapeutic Substitute Molecules, Products per Therapeutic Substitute Molecule, and Therapeutic Substitute Entry Lag tend to be offsetting. The combined effect of these three factors appears to be somewhat higher prices in other countries relative to the United States, with the exception of Japan. However, these estimates are likely to be biased by endogeneity, omitted variables, and measurement error; hence conclusions are tentative.
The net effect of therapeutic category differences is small, which is not surprising in this sample that is restricted to the same molecules in all countries. Larger therapeutic differences are likely in the full universe of products in each country. The country intercepts are significant and negative for Germany, Italy, and the United Kingdom and positive for Japan. Since the predicted values pass through the geometric means of the observed values, by construction, these negative country intercepts imply that predicted values based solely on measured characteristics exceed the actual values. In other words, there are large, country-specific effects-such as insurance coverage, medical norms, and reimbursement incentives-that partly offset the differential impact of the variables included in the regressions. 
VII. Conclusions
This study has used comprehensive IMS data for seven countries for 1992 to estimate the effect of competition on drug prices at the level of the individual product, controlling for other relevant characteristics such as molecule age, strength per dose, pack size, and so on. Consistent with expectations, we find a steeper decline of price with molecule age in regulated markets. Generic competition has a significant negative effect on price for the United States and other countries with relatively free pricing (the United Kingdom, Germany, and Canada), whereas for the countries with strict price regulation (France, Italy, and Japan), the number of generic competitors has either no effect or a positive effect on prices. This is consistent with anecdotal evidence that in countries with strict regulation, generic competitors are predominantly either licensed co-marketers or ''new'' versions of old molecules that manufacturers introduce in order to obtain a price increase. By contrast, in countries with free pricing, successive generics enter at lower prices, and prices at the product and molecule levels are inversely related to the number of generics. Competition through volume discounts on large packs is an important generic strategy in the United States and other less regulated markets but is undermined by regulation of retail pharmacy, including unit pack dispensing requirements, in France, Germany, and Italy.
There is therapeutic competition in the form of lower prices for successive entrants in unregulated markets. Controlling for this, the number of Therapeutic Substitute Molecules does not appear to reduce prices except in Italy and Japan, where the effect is more consistent with the design of their regulatory systems than with competition. The estimates for therapeutic competition are almost certainly biased by endogeneity, unobserved promotional expense, and unobserved discounts in the United States, for which our data cannot control. The point estimate of the net effect of therapeutic substitutes, including the number of substitute molecules, products per substitute molecule, and substitute molecule entry lag, is more negative for the United States than for all other countries except Japan.
It might appear from this analysis that regulatory pressure on prices over the product life cycle achieves roughly the same effect as generic competition in less regulated markets. However, it would be incorrect to conclude that the net welfare effect is the same. The analysis here examines effects of regulation and competition on individual product prices at the manufacturer level. Our data do not reflect effects at the level of retail prices paid by final consumers or third-party payers. Competition in retail pharmacy is likely to pass on the savings in manufacturer prices to final consumers, whereas there is no such presumption when retail pharmacy is regulated to restrict price competition. Moreover, the benefits of competition in retail pharmacy extend beyond the level of prices for medicines included in this analysis and include effects on prices of other OTC and consumer products sold through retail pharmacy, as well as convenience and other nonprice benefits of competition. These findings suggest that regulation of both manufacturer prices and retail pharmacy undermines competition in the offpatent sector and that the potential budgetary savings from postpatent competition are not fully realized in countries with strict regulatory systems.
